Melanocyte development is orchestrated by a complex interconnecting regulatory network of genes and synergistic interactions. Piebaldism and Waardenburg syndrome are neurocristopathies that arise from mutations in genes involved in this complex network. Our understanding of melanocyte development, Piebaldism, and Waardenburg syndrome has improved dramatically over the past decade. The diagnosis and classification of Waardenburg syndrome, first proposed in 1992 and based on phenotype, have expanded over the past three decades to include genotype. This review focuses on the current understanding of human melanocyte development and the evaluation and management of Piebaldism and Waardenburg syndrome.
| PIEBALDISM AN D WAARD ENBURG SYNDROME
Piebaldism and Waardenburg syndrome (WS) are neurocristopathies characterized by incomplete penetrance and high levels of variable expressivity. [15] [16] [17] [18] A white forelock is the most common cutaneous manifestation of both conditions and can be the sole integumentary finding. 17, 19 Depigmented patches, when present, are frequently apparent at birth, lack convex borders, and classically involve the forehead, ventral trunk, and midextremities ( Figure 2 ). Hyperpigmented macules adjacent to and/or within depigmented patches are a classic characteristic finding that can aid in the diagnosis of Piebaldism. [19] [20] [21] [22] Axillary freckling and café-au-lait spots are occasional features of Piebaldism and should not be confused with neurofibromatosis-1. [23] [24] [25] [26] [27] Piebaldism is best viewed as a variant of
Waardenburg syndrome without the extra-cutaneous manifestations.
Waardenburg syndrome (WS) is an auditory-pigmentary disorder that accounts for 2%-3% of congenital deafness. The estimated worldwide incidence is 2 to 3 cases per 100 000 population and equally affecting both genders and all races. 28, 29 There are four subtypes of WS that are defined phenotypically. The diagnosis of WS1 can be established clinically using the Waardenburg Consortium criteria (Table 1) . 30 WS2, WS3, and WS4 are defined by the absence of dystopia canthorum (ie, lateral displacement of the inner canthi), presence of musculoskeletal abnormalities, and aganglionic megacolon, respectively. 31 The advancements in molecular techniques and the identification of multiple pathogenic genes have allowed the traditional classification to be further subdivided by genotype (Table 2) .
| EVALUATION
Piebaldism and WS should be considered in infants or young children with stable, midline, depigmented patches ( Figure 2 ). Phenotypic severity ranges from a few depigmented strands of hair to diffuse depigmentation. 15, [32] [33] [34] The use of hair dye should be specifically inquired about, otherwise the leukotrichia can go unrecognized.
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F I G U R E 2 White forelock. Melanocytes arise from neural crest cells that reside at the top or "crest" of the neural tube. From this point, the melanocyte-derived neural crest cells migrate, proliferate, and differentiate along a dorso-lateral pathway, before diving ventrally to reach its most distant site. 2 As a result, gene defects in melanocyte development result in abnormal pigment patterns that are prominent at midline, the point farthest from the site of embryologic origin. The clinical photo of the child with the white forelock ( Figure 2B ) was adapted from Kerkeni et al 131 .
T (Table 4) . 51, 52 In an infant male with a micropenis or Predicted to account for 5%-6% of WS2 cases Reported from 6 families in France. None had cutaneous depigmentation; but a white lock and early graying were present in 1/11 and 2/11 cases, respectively. Segmental heterochromia was found at a high proportion. . In mice, PAX3 mutations induce pigment defects, spina bifida, and heart defects (Truncus arteriosus). 157,158 c Multiple reports demonstrate WS3 phenotype resulting from parents with heterozygous mutations in PAX3 (with WS1) producing a proposita that is homozygous with WS3 phenotype. The phenotype in the AR cases was extremely severe, with nearly complete depigmentation (with only small areas of normal skin) and severe contractures of the upper limbs with muscle atrophy. 134,159 d Recently, IHH and EPHA4 haploinsufficiency have been suggested as the genes responsible for syndactyly and short stature associated with WS3, both lie in close proximity to PAX3 gene. 160,161 e Report was from a single family. KITLG encodes a soluble and transmembrane isoform. The mutation was in exon 4, a section of the gene sequence shared by both soluble and transmembrane KITL after alternative splicing. It is plausible that we have never seen it as a cause before because of the rare nature of affecting both isofroms. 142 mutations, rather than the classical midline depigmentation; however, a white forelock is still often reported. 166 i Tietz syndrome is caused by a heterozygous mutation in exon 7 of MITF. Unlike Waardenburg syndrome, skin melanocyte density is normal (suggesting that the migration of melanocyte precursors during embryogenesis is normal). In contrast to albinism, visual acuity is normal in all the reported cases. Premature graying and development of freckles on sun-exposed skin appear to be characteristic features. 104, 105, 167, 168 anecdotal, but theoretically should be similar to Piebaldism. Of note, the dermatologist should be aware that monopolar diathermy should not be used in the head and neck region of patients with cochlear implants (which these patients often have). Bipolar diathermy can be used at distances greater than 2 cm away from the implant. 85 Electrical current can result in damage to the implant, further surgery, additional expenses, and possible complications.
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| Auditory system
Waardenburg syndrome is a high-risk indicator for hearing loss; as such, even if the newborn screening is passed, the American Academy of Pediatrics recommends a referral for at least one diagnostic auditory assessment. 86 The comprehensive audiological evaluation should be performed no later than 3 months of age. Confirmed hearing loss requires appropriate referral (otolaryngology, speech-language pathology, audiology, genetics) and intervention by no later than 6 months of age. 87 Congenital sensorineural hearing loss treated with cochlear implants improves language, communication, and cognitive skills. [88] [89] [90] [91] [92] [93] At least 2 weeks prior to cochlear implant placement, in addition to routine age-specific vaccinations, the child should receive pneumococcal vaccines (PCV13 and/or PPSV23) because of the heightened risk for bacterial meningitis.
94,95
| Gastrointestinal system
During follow-up visits, the patient should be asked about constipation because HD may not be apparent early in life. Diascopy can be performed by applying pressure to the patch and surrounding skin with a glass slide. It differentiates vascular abnormalities from other conditions. Visualizing an erythematous change in only normal skin when pressure is applied to the patch is characteristic of nevus anemicus. 179,180 b Nevus depigmentosus might be considered a mild state of mosaicism, and it can be difficult to differentiate from hypopigmented macules associated with TSC.
181,182 c
The diagnosis of indeterminate or borderline leprosy should be considered in the differential of nevus depigmentosus in high-risk children; its prevalence is similar to that of ND in some areas and can present with similar findings.
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The prevalence of hypopigmented macules in the healthy population is approximately 5%; however, they can also be the initial manifestation of TSC.
In the absence of a positive family history for TSC or additional symptoms, further workup is unnecessary. and chromatin complexes that mediate epigenetic remodeling (eg, DNA methylation, histone modifications) contribute to MITF regulation. 101, 102 The increasing use of whole-genome sequencing will hopefully identify novel genes that are responsible for the unexplained cases of WS.
The primary mechanism of WS2 associated with MITF and SOX10
pathogenic variants appears to be related to haploinsufficiency, and the degree of phenotype severity may also be related to Wnt signaling. MITF pathogenic variants that do not effect LEF-1 mediated activation of the M-promotor appear to be associated with a mild phenotype. 103 The most severe auditory-pigmentary phenotype, represented by Tietz syndrome, are associated with dominant-negative mutations in MITF or pathogenic variants that prevent LEF-1 site acti- result in a severe phenotype characterized by coloboma, osteopetrosis, microphthalmia, macrocephaly, global hypopigmentation, and deafness (COMMAD). 106 Similarly, the most severe phenotype associated with pathogenic variants of SOX10, characterized by the presence of neuropathy, result from truncated mutations neighboring or involving the last exon. 107 The mechanism is thought to be related to the escape from nonsense-mediated mRNA decay and the production of a mutant protein that competes and impairs the function of the wildtype SOX10 protein. 60, 96, 108, 109 Lastly, the relationship between genotype and phenotype in humans continues to be a large area of uncertainty and primarily anecdotal. Many of the findings, especially in relation to PAX3 and SOX10 pathogenic variants, can be logically extrapolated from understanding their function during embryogenesis (Table 5 ). For instance, anosmia, chronic constipation, and inner ear malformations are likely specific phenotypic markers of SOX10 pathogenic variants.
A common limitation in many studies involving patients with WS is the absence of long-term follow-up and lack of awareness. In one series, 15 subjects with WS and SOX10 mutations were studied retrospective in order to better define its relationship to "temporal bone abnormalities." Bilateral agenesis of the olfactory bulbs was "incidentally" found in 7 of 8 subjects with adequate MR imaging sequences. 65 However, the subjects were prepubertal and formal testing for anosmia was not reported. Interestingly, SOX10 mutations, unlike PAX3 mutations, most commonly arise de-novo, which may be related to infertility. [110] [111] [112] 
